Purpose The purpose of this study was to investigate the displacement of surgical clips in the excision cavity during whole breast irradiation following breast-conserving surgery (BCS) with or without acellular dermal matrix (ADM) insertion, and to analyze clinicopathologic factors associated with the displacement of surgical clips.
Introduction
Whole breast irradiation following breast-conserving surgery (BCS) is a standard treatment for patients with earlystage breast cancer. Boost radiotherapy (RT) is usually delivered to the excision cavity, because randomized trials have shown that local recurrences are significantly reduced by dose escalation to the tumor bed [1, 2] . The tumor bed is iden-tified by surgical clips, clinical scar, hematoma, visibleseroma, and/or other postoperative changes [3] [4] [5] . Of these, surgical clips in the excision cavity have been used as a reference for determining boost RT field in many studies [6] [7] [8] . However, several investigators demonstrated that displacement of surgical clips can occur during whole breast irradiation [9] [10] [11] [12] .
Resection margin status is a strong predictor of local relapse. The results of previous studies indicated that positive or indeterminate margins proved to be independent risk factors for local recurrence and it is important to achieve a clear margin with wide excision [13] [14] [15] . However, the larger excision volume of breast tissue removed during BCS, the poorer cosmetic outcome [16] . In our institution, acellular dermal matrix (ADM) is used for breast volume replacement to fill large defects in the excision cavity, but the impact of ADM insertion on the displacement of surgical clips has not been reported yet.
The purpose of this study was to evaluate the displacement of surgical clips which could influence boost field, and to identify risk factors associated with this change during whole breast irradiation following BCS with or without ADM insertion.
Materials and Methods

Patients
From January 2016 to December 2017, 100 consecutive breast cancer patients who underwent BCS with the placement of surgical clips in the tumor bed and received adjuvant RT were included in the current study. Surgeons usually marked the tumor bed with five surgical clips, which were placed at the superior, inferior, medial, lateral, and deep sides. When the volume of excised breast tissue was large, ADM was inserted in the excision cavity at the discretion of attending surgeon. The ADM used in this study was a crosslinked human ADM, MegaDerm (L&C BIO, Seongnam, Korea). Patients were divided into two groups according to the breast volume replacement with ADM; group A was defined as patients with ADM, and group B as those without ADM. The records including the clinical characteristics, radiological findings, operation findings, pathology reports, planning computed tomography (CT) images, and any other clinical correspondence were reviewed retrospectively. A positive surgical margin was defined as having tumor (ductal carcinoma in situ or invasive) seen at the inked edge of the specimen, a close surgical margin as tumor seen within 1 mm of the inked cut edge, and a negative surgical margin as tumor more than 1 mm from the inked cut edge.
CT simulation scan and radiotherapy planning
All patients took an initial planning CT scan (CT 1) before whole breast irradiation and a second planning CT scan (CT 2) before boost irradiation. Two hundred CT scans were analyzed for the 100 patients. The planning CT was scanned in the supine position with elevated both arms above the head, on GE Discovery CT 590 RT Simulator (GE Healthcare, Waukesha, WI). The position was immobilized using a breast board. The superior margin of the whole breast was the level of sternal notch, the inferior margin was 2 cm below the inframammary fold, the medial margin was the midline, and the lateral margin was the midaxillary line. The interslice thickness of the CT scans was 5.0 mm. All CT scans were obtained from the level of the mandible to the lung bases. Both CT 1 and CT 2 image sets were sent to MIM software ver. 6.7 (Cleveland, OH) for contouring and then imported to treatment-planning software system Eclipse ver. 10.0 (Varian Medical Systems, Palo Alto, CA). A dose of 50.4 Gy in 28 fractions to the whole breast and a boost dose of 9 to 15 Gy to the tumor bed was delivered. The same physician (W.J.) performed all of the contouring procedures for consistency. The structures of sternal notch, each individual surgical clip, ADM, and seroma were manually delineated on both CT images. The ADM was distinct from breast parenchyma on the planning CT ( Fig. 1 ).
Evaluation of displacement of surgical clips
The reference point for evaluating displacement of surgical clips was placed at the center of the sternal notch. The cen- 
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troid coordinates of each structure (sternal notch and each clip) on both CT scans were computed using the MIM software including X (lateral-medial), Y (anterior-posterior), and Z (superior-inferior). The relative coordinates of surgical clips from the reference point on both CT scans were then calculated manually. The displacement of ΔX, ΔY, and ΔZ between CT 1 and CT 2 for each surgical clip was calculated by subtracting the CT 1 coordinates from the CT 2 coordinates according to the following equation: (coordinates of each clip of CT 1)-(coordinates of each clip of CT 2). The coordinates on both CT scans were compared to measure the displacement of surgical clips in a three-dimensional (3D) direction. The 3D distance of displacement was calculated by the formula: .
Statistical analyses
The normality of data distribution was tested using the Kolmogorov Smirnov test. The means and standard deviations (SDs) of displacement of surgical clips and volumetric change of seroma and ADM were calculated for each patient. Independent t test, Mann-Whitney and linear regression analysis test were used to evaluate possible associations between displacement of surgical clips and clinicopathologic factors including body mass index, pathologic tumor size, interval between BCS and the start of RT, volume of tissue removed, volumetric change of ADM, laterality, tumor location, axillary surgery, RT field, the use of ADM, and the presence of seroma. The displacement of surgical clips were compared between group A and group B using the independent t tests and Mann-Whitney tests as appropriate. All p-values were two-sided, and p < 0.05 was considered as statistically significant. Statistical analyses were done using SPSS software ver. 18.0 (SPSS Inc., Chicago, IL).
Ethical statement
The institutional review board approved this study (No. 2017-10-044 at Ewha Womans University Mokdong Hospital) and waived the requirement for obtaining informed consent.
Results
The patient and tumor characteristics are summarized in Table 1 . The median age at diagnosis was 49 years (range, 28 to 74 years). The median interval from surgery to the start of RT was 8.3 weeks (range, 3.9 to 36.1 weeks), and the median interval between the initiation of RT and boost irradiation (∆X 2 +∆Y 2 +∆Z 2 ) was 5 weeks (range, 4.6 to 6.0 weeks) in the entire cohort. Neoadjuvant chemotherapy was performed in 12 patients (12.0%), and concurrent or adjuvant chemotherapy was performed in 51 patients (51.0%). For patients with neoadjuvant or concurrent chemotherapy or without chemotherapy, the median period from surgery to the start of RT was 6.4 weeks (range, 3.9 to 9.6 weeks). For patients with adjuvant chemotherapy, the median period from surgery to the start of RT was 28.3 weeks (range, 15.6 to 36.1 weeks). Group A consisted of 38 patients with breast volume replacement using ADM, and group B consisted of 62 patients without ADM. The mean volume of ADM was 44.51 cm 3 on CT 1 and 40.58 cm 3 on CT 2, respectively. The mean volumetric change in ADM was -8.2% (p < 0.001). The volume of ADM decreased in 32 of 38 patients (84.2%) during whole breast irradiation. Forty patients (40%) had seroma on CT 1 and CT 2 (25/38 patients in group A; 15/62 patients in group B). The presence of seroma on CT 1 was significantly correlated with the presence of ADM (p < 0.001). The mean seroma volume on CT 1 and CT 2 were significantly different at 10.14 cm 3 and 6.61 cm 3 , respectively (p < 0.001). The volume of seroma decreased in 34 of 40 patients (85.0%) during whole breast irradiation. The mean reduction in seroma volume between CT 1 and CT 2 was 47.4%.
The means and 1 SD of the 3D displacement for superior, inferior, medial, lateral, and deep clips were 5.2±2.9, 5.2±3.2, 5.6±4.5, 5.6±4.3, and 4.9±4.9 mm, respectively, in all patients. Association between clinicopathologic factors and displacement of surgical clips was shown in Table 2 . According to the use of ADM, the means and 1 SD of the 3D displacement for superior, inferior, medial, lateral and deep clips were 5.6±2.6, 6.0±3.5, 6.7±5.8, 6.7±5.7, and 6.1±7.4 mm in group A; 4.9±3.1, 4.8±3.0, 5.0±3.5, 5.0±2.9, and 4.3±2.8 mm in group B, respectively ( Table 3 ). The 3D displacements of surgical clips in group A were longer than those in group B, but only significant difference was observed in the lateral clip (p=0.047) (Fig. 2) . In group A, the volumetric change of ADM was significantly proportional to the 3D displacement in inferior clip (R=0.343, p=0.037).
According to the presence of seroma, the means and 1 SD of the 3D displacement for superior, inferior, medial, lateral and deep clips were 5.8±2.4, 6.0±3.4, 6.7±5.7, 6.3±4.8, and 5.7±6.7 in patients with seroma; 4.8±3.2, 4.7±3.1, 4.9±3.4, 5.2±3.8, and 4.4±3.1 in patients without seroma, respectively. The 3D displacements in patients with seroma were longer than those in patients without seroma, but only significant difference was observed in inferior clip (p=0.045).
According to the interval from surgery to the start of RT, divided by the median 8 weeks, the means and 1 SD of the 3D displacement for superior, inferior, medial, lateral, and deep clips were 5.4±2.9, 5.6±3.6, 6.9±5.5, 5.6±4.6, and 5.6±6.3 mm in patients starting RT within 8 weeks; 5.0±3.0, 4.9±2.9, 4.6±3.2, 5.6±4.0, and 4.3±3.0 mm in patients starting RT after 8 weeks, respectively ( Table 4 ). The 3D displacements in patients starting RT within 8 weeks after BCS were longer than those in patients starting RT after 8 weeks, but only significant difference was observed in the medial clip (p=0.009). 3D, three-dimensional; R, regression coefficient; BMI, body mass index; RT, radiation therapy; SLNB, sentinel lymph node biopsy; ALND, axillary lymph node dissection; WBI, whole breast irradiation; RNI, regional nodal irradiation. Mean±1 standard deviation.
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Table 3. Displacement of surgical clips between initial planning CT and second planning CT in groups A and B
Discussion
The current study showed that the displacement of surgical clips in the excision cavity occurred during whole breast irradiation. Displacement of surgical clips was longer as the interval from surgery to initiation of RT was shorter and ADM was present in the excision cavity.
The excision cavity is the main target of boost RT because local recurrence usually occurs in the tumor bed after BCS. Better delineation of the tumor bed optimizes coverage of the target volume and minimizes the volume of irradiated normal breast tissue, and also improves both local control and cosmetic outcome. The tumor bed for boost RT is usually delineated using the surgical clips or surgical scar, postoperative change, seroma and/or hematoma. Among these, surgical clips in the excision cavity are helpful in defining the depth of excision cavity and the shape of boost field. Some previous reports demonstrated that surgical clips placed in the excision cavity can increase the accuracy to define the boost field [6] [7] [8] 17] . Bedwinek [6] reported that when boost plans were defined by the surgical scar, 19 of 35 cases (54%) had the surgical clips outside the boost field. Denham et al. [17] compared the adequacy of clinically derived plans from surgical scar, surgical notes, and primary tumor location to those demarcated by surgical clips; in their study, 10 of 24 (42%) of clinically derived boost plans provided inadequate coverage of the tumor bed as defined by surgical clips.
To determine accurate tumor bed with surgical clips, the displacement of surgical clips during whole breast irradiation is an important consideration. In our study, an average 3D displacement of 5 mm was seen in each surgical clip during whole breast irradiation. The displacement of surgical clips was also reported by other studies [9] [10] [11] [12] . Sung et al. [9] showed the results of displacement of surgical clips on CT before whole breast RT and boost RT. In their study, the median displacement of 3D distance was 5.3 mm, which was similar to our study. The possible explanation for displacement of surgical clips is that the change of tumor bed during whole breast irradiation. In the previous studies, a volume reduction of the tumor bed was reported to be 5%-44.6% [12, 18, 19] . Whole breast RT takes approximately 5 to 6 weeks with the conventional fractionation. Volume and shape of the tumor bed may change during the treatment because contraction, fibrosis, and fluid absorption may continue. Therefore, displacement of the surgical clips inserted in the excision cavity may occur due to changes of the tumor bed.
Volume replacement at the time of BCS with the use of musculosubcutaneous flaps for reconstruction of defects after quadrantectomy resection allows extensive resection with a good cosmetic result [20] . At our institution, breast volume replacement with ADM in the tumor bed was app- Table 4 . Displacement of surgical clips between initial planning CT and second planning CT according to 8-week interval between surgery and the start of RT lied to patients treated by BCS to improve cosmesis. In our analysis, patients with ADM showed longer displacement of surgical clips than those without ADM in the tumor bed. In a previous study, Alco et al. [21] noted that in patients who underwent oncoplastic BCS using latissimus dorsi miniflaps, the tumor bed markedly shifted from the primary location in eight of 22 patients (36.4%), and the shift of geometric isocenter coordinates between before and after surgery was measured over 1 cm in all directions and up to 5.67 cm in the y directions. In their study, they also reported that the electron field for tumor bed boost did not encompass the location of gross tumor volume before surgery in six of 22 (27.3%) patients, leading to underdosage in this region. Given these observation, the breast volume replacement using ADM, like the latissimus dorsi mini-flap in the excision cavity may also affect the displacement of the surgical clip within the tumor bed.
The current data showed that the presence of seroma was significantly associated with 3D displacement of inferior clip. In particular, the formation of seroma is more prevalent in patients with ADM. A previous study reported that larger seroma volume in the surgical bed is a risk factor associated with the displacement of the surgical clip [9] . A systematic review by Jordan et al. [22] suggested that ADM may lead to inflammation as a foreign body response to produce seroma. These findings suggest that the presence of ADM may be one of the causes of longer displacement of surgical clips by affecting the formation of seroma.
Our study demonstrated that displacement of surgical clips was greater in patients with ADM compared to those without ADM. Thus, using initial planning CT alone may be inadequate for patients with ADM, resulting in suboptimal local control, more late effects and poorer cosmetic outcome. Although this takes time and involves extra radiation exposure, second simulation CT scan before tumor bed boost allows adaptive planning for displacement of the surgical clips, and therefore should be considered in patients with ADM in the excision cavity.
The current study found that displacement of surgical clips was inversely correlated with the interval between BCS and the start of RT. Weed et al. [23] also reported that the time interval from surgery to first planning CT scan was inversely proportional to the volume change of excision cavity. Petersen et al. [24] noted that change of the excision cavity volume between postoperative CT scan and planning CT scan was 2.1% per day in patients receiving immediate adjuvant RT after BCS and 0.4% per day in patients receiving postoperative chemotherapy between BCS and RT. These findings suggested that the volume change of the tumor bed is inversely proportional to the time interval between BCS and RT.
Our study had several limitations. Despite the displacement of surgical clips before and during the course of whole breast irradiation, no study addressed the dosimetric effects of such changes or its impact on local control. The displacement of surgical clips can affect the boost dose distribution. A previous study of Sager et al. [25] showed that during conventionally fractionated whole breast irradiation course, boost target volume had a median of 45.97% reduction, and doses to the heart and ipsilateral lung were significantly reduced with adaptive RT. Alderliesten et al. [26] reported that when the dosimetric effect of seroma absorption was evaluated by comparing three boost RT techniques (simultaneous integrated boost [SIB] RT, sequential boost RT, and SIB adaptive RT), seroma volume had a mean of 62.0% reduction, and the boost planning target volume receiving at least 95% of prescribed dose was significantly smaller with SIB adaptive RT compared to both sequential boost RT and SIB. Therefore, evaluation on the dosimetric impact of ADM insertion by comparative assessment between CT 1 and CT 2 is also required in the future.
In conclusion, this study demonstrated the displacement of surgical clips during whole breast irradiation especially in patients with ADM insertion. For patients who had breast volume replacement using ADM, CT simulation at boost planning should be considered.
